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A method for braking a synchronous machine 

1. Field of the Invention 

The invention relates to a method for braking a synchronous machine, with the 
armature windings of the synchronous machine being short-circuited, optionally by 
interposing at least one braking resistor. 

2. Description of the Prior Art 

A synchronous machine is further proposed for performing the method with a 
permanent-field rotor for example and with a shortable armature winding which is 
connected to a power converter which comprises a half bridge each for positive 
and negative half-waves of the current, which half bridge can be switched via a 
power breaker. 
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In the case of overload, mains voltage failure, intermediate circuit surge, loss of 
positional or speed information it may be necessary for synchronous machines to 
initiate an immediate emergency stop. This emergency stop can occur either by 
severing the power from the mains to the armature windings or by active braking. 
An especially simple possibility for active braking of synchronous motors is short- 
circuit breaking, in which the terminals of the armature winding are shorted via a 
power breaker, optionally by interposing braking resistors. The braking moment 
characteristic to be achieved via the speed corresponds in this case approxi- 
mately to the torque characteristic of an asynchronous machine. When the brak- 
ing of a synchronous machine is to be initiated, the power inverter needs to be 
deactivated first in order to prevent a short-circuit of the intermediate circuit, 
whereupon the power breaker will short-circuit the armature windings, optionally 
by interposing breaking resistors. If no additional braking resistors are provided in 
the shorted circuit, the braking moment varies especially strongly during the brak- 



ing process via the speed. The braking moment which at the beginning of the 
braking is relatively low rises relatively late to its maximum value in order to drop 
thereafter steeply to zero. The disadvantage lies thus in the comparatively small 
initial braking moment and in the braking moment which is not constant over the 
entire speed range. When the initial value of the braking moment is to be in- 
creased, an additional braking resistor needs to be provided in the shorted circuit, 
as a result of which the braking moment is displaced similar to the moment char- 
acteristic of the asynchronous motor and the evenness of the braking moment can 
be improved. A relevant disadvantage in using braking resistors is that additional 
components need to be provided which are also subject to strong thermal strains, 
which depending on the dimensioning of the braking resistors does not always al- 
low to re-initiate a renewed short-circuit braking immediately after a performed 
short-circuit braking. It is thus necessary to wait a predetermined period of time 
between two short-circuit braking actions until the braking resistors have cooled 
again. A further relevant disadvantage of the short-circuit braking is that the short- 
circuit current can reach high peak values, which may lead to permanent damage 
to the motor when a maximum permitted current is exceed, especially a demag- 
netization of permanent magnets of a permanent-field synchronous machine. 

Summary of the Invention 

The invention is thus based on the object of providing a method for braking a 
synchronous machine of the kind mentioned above, with which the short-circuit 
current is limited in a secure manner and the braking moment to be achieved can 
be regulated to a virtually constant value oyer the entire speed band, if possible. 
Moreover, a synchronous machine shall be provided for performing the method, 
which machine comprises the simplest possible braking device. 

The invention achieves this object in such a way that the short-circuit current is 
regulated by a pulse-width modulation depending on the difference between the 
setpoint value of the short-circuit current corresponding to the setpoint value of 
the braking moment and the actual value of the short-circuit current. 



In accordance with the invention, the short-circuit current in the armature windings 
is regulated in a pulse-width-controlled manner. This is achieved in such a way for 
example that power breakers short the armature windings depending on the short- 
circuit duration by the closed-loop control. The short-circuit current can be prede- 
termined with the help of pulse-width modulation in such a way that the desired 
braking moment is obtained in an especially simple way. This allows not only 
keeping the braking moment virtually constant over the entire speed range, but 
also offers the possibility to brake in an especially simple way with every torque 
smaller than the maximum one, because it may occur in a number of applications 
that damage will occur in the mechanism coupled via the motor shaft of the syn- 
chronous machine by too strong braking. Any excessively strong rise of the short- 
circuit current can also be remedied elegantly with the closed-loop control in ac- 
cordance with the invention, which thus securely prevents any exceeding of the 
permissible short-circuit current and thus a demagnetization of permanent mag- 
nets. A further advantage of the closed-loop control in accordance with the inven- 
tion is that after an occurred short-circuit braking, a short-circuit braking can be ini- 
tiated directly thereafter and it is not necessary to wait for any cooling period, as is 
the case in dynamic braking in accordance with the state of the art. 

A synchronous machine in accordance with the invention for performing the 
method with a rotor and a shortable armature winding which is connected to a 
power converter which comprises a half-bridge each for positive and negative 
half-waves of the current which can be switched via a power breaker, is character- 
ized in accordance with the invention in such a way that the power breakers short- 
ing the armature windings can be triggered via a control device depending on the 
difference between the setpoint value of the short-circuit current corresponding to 
the setpoint value of the braking moment and the actual value of the short-circuit 
current. In such a synchronous machine in accordance with the invention, the 
short circuit is produced in the armature windings by way of the power inverter, so 
that no additional power semiconductor components are necessary. For the pur- 
pose of braking the synchronous machine, the operating times for the power 
breakers are no longer determined by a vector control controlling the operation of 



the synchronous machine, but by a torque regulator which triggers the armature 
windings depending on the short-circuit current to be achieved. 

It is especially advantageous when the power breakers of two half-bridges of the 
converter which short the armature windings can be triggered in an alternating 
fashion by way of a closed-loop control device depending on the difference be- 
tween the setpoint value of the short-circuit current corresponding to the setpoint 
value of the braking moment and the actual value of the short-circuit current. As a 
result, both the half-bridge for positive half-waves and the half-bridge for negative 
half-waves of the power converter can be used as short-circuit elements, thus en- 
suring an improved thermal loading of the power breakers. The braking output is 
carried off according to this embodiment of the invention thus in an especially 
simple way via the power converter which can generally be highly loaded in a 
thermal respect, the armature windings and an optionally provided braking resistor. 
As a result, the constructional complexity is minimized and only very few addi- 
tional measures need to be provided for the braking operation of a synchronous 
machine in accordance with the invention. 

As an alternative to the above embodiment of a synchronous machine, a syn- 
chronous machine with a rotor and an armature winding, which can optionally be 
shorted via a braking resistor according to a further advantageous embodiment of 
the invention, can be characterized in that the armature windings are connected to 
a rectifier circuit which can be shorted by way of a power breaker and that the 
power breaker can be triggered via a closed-loop control device depending on the 
difference between the setpoint value of the short-circuit current corresponding to 
the setpoint value of the braking moment and the actual value of the short-circuit 
current. According to this embodiment of a synchronous machine in accordance 
with the invention, the short circuit for the armature windings is produced by way 
of a separate power semiconductor circuit. The short-circuit current of the arma- 
ture windings is rectified in the rectifier circuit and the outputs for positive and 
negative half-waves are then shorted via a power breaker and optionally a braking 
resistor. A relevant advantage of this synchronous machine in accordance with 
the invention is that the function of the braking device can be checked in an espe- 




-5- 

cially simple manner in a continuous or intermittent way. This is especially advan- 
tageous when high requirements are placed on the continuous availability of the 
braking device. A control unit which is separately provided can ensure a short- 
circuit in the rectifier circuit at short notice even during the operation of the syn- 
chronous machine and a separately provided monitoring device can ensure the 
proper function of the braking device, e.g. by way of a current measurement in the 
shorted circuit. As was already mentioned, this functional test can also occur in 
operation of the power inverter, as a result of which all components and functions 
of the braking device can be checked continually. As a result of providing two 
channels between the braking device and the power converter and of the contin- 
ual checking capability of the braking device, an especially high safety class can 
be achieved. 



Brief Description of the Drawings 



The invention is explained schematically in closer detail by reference to an em- 
bodiment shown in the drawings, wherein: 

Figs. 1 and 2 each show an embodiment of a synchronous machine in accor- 
dance with the invention; 

Figs. 3 and 4 show two control concepts for short-circuit braking; 

Figs. 5 and 7 show diagrams concerning the torque or speed characteristic of a 

short-circuit braking according to the state of the art, 

Figs. 6 and 8 show diagrams concerning the torques and the speed characteris- 
tic of a short-circuit breaking according to the invention. 



Description of the Preferred Embodiments 

A permanent-field synchronous machine 1 comprises armature windings u, v, w 
which can be shorted via a braking device 2. A power converter 3 is provided for 
the normal operation of the synchronous machine 1, which converter is triggered 
by way of a triggering unit 4 in the usual manner. 
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The triggering unit 4 comprises, among other things, a rotational angle and rota- 
tional speed transducer 5, a positional controller 6, a speed controller 7, a current 
controller 8 and converters for mathematical transformations 9, a space vector 
modulation 10 and a two of three converter 20. 

According to the embodiment according to Fig. 1, the braking device 2 comprises 
a torque controller 11 which shorts the power breaker elements 12 and 13 in a 
preferably alternating manner in the case of a braking. Prior to this, it is necessary 
to prevent a triggering of the power breakers 12 and 13 by the triggering unit 4, for 
which purpose the switches 14 are opened in this case. For the purpose of brak- 
ing the synchronous machine 1, the power breakers 12, 13 of at least one half- 
bridge 15, 16 of the power converter 3, which power breakers short armature 
windings u, v, w, are triggered in an alternating manner via the controller 11 de- 
pending on the difference between the setpoint value of the short-circuit current 
corresponding to the setpoint value of the braking moment and the actual value of 
the short-circuit current. 

According to the embodiment according to Fig. 2, the braking device comprises a 
rectifier dircuit 26 which is connected to the armature windings u, v, w. For the 
purpose of braking the synchronous machine 1, the rectifier circuit 26 which is 
connected to the armature windings u, v, w can be shorted via a power breaker 17 
and a braking resistor 18, with the power breaker 17 being triggerable via the con- 
troller 1 1 depending on the difference between the setpoint value of the short- 
circuit current corresponding to the setpoint value of the braking moment and the 
actual value of the short-circuit current. In order to enable verifying the proper 
function of the braking device 2 at all times, a control device 19 is provided with 
which the function of the braking device can also be checked during the operation 
of the inverter, such that the same shorts the power breaker 17 by way of the con- 
troller 11 for a predetermined period and measures short-circuit current flowing in 
the shorted circuit. 

Figs. 3 and 4 show control concepts for short-circuit braking. The short-circuit cur- 
rent i k of the armature windings u, v, w and the setpoint braking moment M br , son 



are always used as the input variable for the closed-loop control and the control 
device supplies at the output switching periods T k on (switch on) and T ki0ff (switch 
off) for the power breakers 12, 13, 17. 

Figs. 5 and 6 show the braking moment characteristic over the speed during a 
short-circuit braking with a braking resistor according to the state of the art (Fig. 5) 
and with a braking apparatus in accordance with the invention (Fig. 6). Figs. 7 and 
8 show the speed characteristics over time relating to Figs. 5 and 6. 



